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REMARKS 

Reconsideration is requested. 

Claims 1-58 have'been canceled, without prejudice. The Applicants note for 
completeness, that claim 33 was canceled by way of an Amendment dated March 23, 
2004. 

§ Claims 58-64 have been added and are pending. New claim 60 corresponds to 

> previously-presented claim 57 which has been canceled above. Claim 59 includes the 

CO 

IT! details of now canceled claims 56 and 57. The features of claims 61 , 62 and 64, 

O 

O respectively, correspond to the features of now canceled claims 36, 37 and 45. The 
^ features recited in new claim 63 correspond to the features of claim 6 of the original 
PCT application. The amended claims have been submitted without prejudice and to 
advance prosecution. The amendments are believed to obviate the outstanding 
rejections and entry of the amendments and consideration of the following further 
remarks in this regard are requested. 

Specifically, the Section 1 12, first paragraph, rejection of claims 44, 47-49, 52 
and 56-58 will be moot upon entry of the above amendments. The amended claims are 
believed to be supported by an enabling disclosure and consideration of the following 
and attached are requested in this regard. The Applicants submit that Example 5 of the 
present application, for example, and the attached publication of the present inventor 
(Sarkis et al, 2000, PNAS, 97, 14638-14643) demonstrate that one of ordinary skill in 
the art could make and use the presently claimed invention from the disclosure in the 
generally advanced level of skill in the art at the time of the present invention. The 
specification and attached demonstrate that methodologies were available to perform 
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the claimed invention and demonstrate the effectiveness of this method in vivo. 
Moreover, the Applicants submit that the present application and attached reference 
demonstrate that this vector is not inactivated by the complement system and that the 
polynucleotide is expressed in vivo. The method according to the above presented 
claims specifies one particular promoter (CMV) and a method of administration 
(stereotaxically into the central nervous system). The method provides a preferential 
expression into the glial cells in comparison with neuronal cells. The claims are 
submitted to be supported by an enabling disclosure and the amendment is believed to 
obviate the Section 1 12, first paragraph, rejection of the now canceled claims. Entry of 
the above amendment is requested. 

The Section 102 rejection of claims 34-43, 45, 46, 50, 51 and 53-55 over Boyce 
(WO 98/1231 1) and the Section 103 rejection of claims 34-43, 45, 46, 50, 51 and 53-55 
over Boyce in view of Gritson (Nucleic Acid Research, Vol. 25, No. 9, 1864 (1997)), Li et 
al (Bio Chem Journal 324:461-466 (1997)), DiFalco et al (Bio Chem Journal, 326, 407- 
413 (1997)), Meyer et al (Journal of Neuro Chemistry, 62, 3, 825-833 (1994)), Fandl et 
al (Journal of Biological Chemistry, 269, 1 , 755-759 (1994)), or Luo et al (Journal of 
Biological Chemistry, 267, 17, 12275-12283 (1992)), are believed to be moot in view of 
the above amendments. Entry of the amendments is requested as the amended claims 
are believed to be patentable over the cited art. Specifically, the Applicants believe that 
none of the cited documents, individually or in combination, teach or suggest the 
expression specificity for the glial cells of the baculovirus having a baculovirus envelope 
protein and comprising a sequence encoding the polypeptide operative ly associated 
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with a CMV (Cytomegalovirus) promoter. The claims are submitted to be patentable 
over the cited art. 

Entry of the above amendments and an indication of allowance are requested. 
The Examiner is requested to contact the undersigned if anything further is required in 
this regard. 



BJS:pp 

1100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 



Respectfully submitted, 



NIXON & VANDERHYE P.C. 
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Efficient transduction of neura! cells in vitro and 
in vivo by a baculovirus-derived vector 

C. Sarkis*. C. Serguera*, S. Petres\ D Buchet*. j.-l. Ridet*\ L Edelman', and J. Mallei** 

•IJbo'oio.re de lirnrt ,<(,]<• Mvlcculjire d€, -'mr etuis NcurodL'tjcncV auh et de h N-\^i::.i:nnm»un, Uni:c Mixxr dn Kfl.fr.h,. m j Ccntr(J M atl0nd fdc ij 
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Oin-fTi-jpiwied bv Upfwrji -. Ch-iifvk. Europe -jn Grqjnixatinn for Nuclear Reiearch. o:m v- Swttttt'jnd. Octobci S. 2oW ivrd for rc«ni-w 



Gene dch very to the central nervous system is central to the 
development of gene therapy for neurological diseases We de- 
veloped o baculouiruvdcrivcd vector, the Bac-CMVGFP vector, 
containing a reporter geno encoding lor the green fluorescent 
protein (GF?) under the control of the cytomcgalovirui (CMV) 
promoter. Two neuroblastoma! cell lines and three human primary 
neural cultures could be eHiciontly transduced. In dll coses, addi* 
tion of botyrfltc, on inhibitor of hittone d eacctylose. increaied the 
level of expression in terms of the number of GFPexpressing cells 
ond the intensity of fluorescence. The level of expression m a 
human tdenccphjlic culture was over 50% of transduced cells with 
a multiplicity of infection of 25. Gf P expression was demonstrated 
to be genuine expression and not pseudotransduction of the 
reporter protein. Most interestingly, 8ac-CMV*GfP could transduce 
neural cell* in vivo when directly injected into the brain of rodents 
and was not motivated by the complement system. Thus, han- 
tavirus is a promising tool for gene transfer into the central nervous 
system both for studies of the function of foreign genes and the 
development of gene therapy strategics- 

Tin- uVMpi ot vecuns toi -ipaiU ;;ene nansfei is a major 
challenge tor iiictUc.il research. Viral vectors an: the most 
el iieient tools loi genetic modification ui the mjjotity of Mimatic 
ceIN in u;m iincJ m vivo | I $) \eelmv derived frum rchoviriis. 
adenovirus and adeno assocv.utl have been entcnslvelv 
UM.-J m various expeiimcnuil nu.uk:; v Kcccntlv. haailov,rus- 
denveJ vacor.s haw ernerccil a.s a p^ssiMi. tool for jjvnc transfer 
into mammalian cells (I. Si. Ilaeuiwviius Utu^ropim caUfarmtn 
nui-L-iir polyhedrons viius < \c\PVi i> an insect virus with a 
lare.e double, -stiimded circular USA genome packaged in a 
rod shaped eapsid. which is itself enveloped hv j unit membrane 
('») AcNPV haeulov irits vectois >na> he ideal for acne therapy ot 
nondo idtnacciu Iicciuh- I iv> aw cpisimial :iiid ihcii proinnicrs 
arc Mlcm in tiuminalutn ulls. making :lu-ni naturully nyiircpli- 
c:iii\v in niainmalKni cells (7 -*)). Min^uvLrr. the huJdciJ form ot 
the \r:tus is harmless to the enviiwiwciii ,rul h:is K en extensive K 
used :n mniK-roiis Imncchilolopca! .i;*^liL.Htuns (JO). Of paitic- 
ular VitluL-. the Mn«Mure ul the baculovinis allows it to carrv vciy 
Iai^o irawucno 

Hottnann ct ol \>) rcponcO th.n. luiddcd baculoviius-denvctl 
vcciius are able to «lnvc tht: expression ot a tcpi»nci m tK: in 
■n:inimjli:in a: lit. provided rh:it ,m aopriipridU: prumotci eon 
»o!n iMihCenc c\prc\sion Alihoiuvi ihc mechanism of entivof 
'he kuuluMrus into m.imtn»li,in c-ll* is UMknowit, a picfcicntul 
'ropisrn tor hepatic cells h.is |»ccn described m vitro (4 t S) 
However, it the tuits^cnc is placed dounsneam from a 
pronioti. i. ?:ueli ;»> thu tlumcru. Cao promotei |cytome^lovirus 
(C MVj v.irly enhancer, chicken (]-.K\*ti promoter, and rabbit 
U ^Itihin polyaclenvknion signal] in haeulovjtaj vcciors, rhev :uc 
ahle to tf.uisdiuc v tinot ,s nonhcpaiic eel) lines (II). Moic 
rccenth. C.\>iKlivav cf ot i h,i\c snown that j biieulovinis. 
dcrivt-J vector i< ahk (o tianster ii;in>»enk material (o a l.iic.e 
"■artciy oi ccJl lines Mr: jutIioin slmwcj ih.it the level ot 
exproNsui.i of the rian.^.OiK- varies K-nu.-ie of differential rep res 
moii o| i Ik c?tprc.ssit.iu dependioij; om :1k- type*. 



We i,sted Ihc potential of a hacuUn tial vector cuntaininf! a 
iiwn iluoresccm pnirein ((il Pi expicvsion casvelte to iraiis- 

duec lU-lirlil a-IK in lino and it: We icpoil llWil various 

iKiimbia.MonwI and nonneuroiial coll lines as *dl as three 
Iun>an neural primary cultures could he efficiently infected *uh 
ttu vcci.m MoiciAer. alter dircii viw ction of the veeior into rat 
; ( nil rthuiKtf brains, the bucu'ot-'ius ir.uKduCcd nctiidl cells, 
ni.iHly ^ltai. /ji vn o Hacuh-vints \ct u?i-< arc therefore pmniisMir 
too-- to* j\*ne thcr;ipy of the ccntr.tl nervous .wsiem. 

(Vlateriflls and Methods 

Production of Bjc<Mv.gfp. Kci.onitiiu ft tni Bac-OMV (iH' 
wjv .crated .utd propagated m St in>t-ei ccIK by standard 
nu:nud:* m dcsvnbed t U) 

A ca^eiio iinxin;i the Luprc^ion ot the cnlunced (ill* 
iI-OI-pi cene under the cunttol oJ ;nc CMV early promoter. 
chime r:e ituron. the simian virus iij |>^lvaaenylation l.ae signal 
.uiil :i imiliiple clonint: site (niesi w jtu msertcil. m the oppovitc- 
orie.uaiion to the poUlicdim prmnitl^r. into the baeuhtviiu.s 
iran.sk. plasmti) pVt l.VP ( In*, hr.^e n I. Briefly, the uinslimt 
••vjs wcpaied h> cloning the ihwA II M^IM fianincni of the pO 
:Pn»inc;a| plasmiit jf.MV iniiiv' ioev-polyfAil in Ihc opposite 
iiru. ni.ui.in to the p(llvhedi ii) prtmloU'r in pVl.lW. resulting in 
pHac ( \IV. Tt^is pi asm id was dc vie tied to insert any pone or 
ei)Y-\ :fitn o tncs The GYV repouei "»cru\ deiivcd from prGFP 
i(.l OMT.C M\. was inserted in;*- pUucCMV. Ui t ue pRai.* 
C MV -c.l'P. The transfer plasmid w;i , used to Iransfect SN insect 
icP> with the haculoiiitis licnonu- ro produce rccombinaju 
: vieulov iius(.s hv l« inn iti icons iccnm^i notion with the luKan'/cd 
•\e\P\ ;:enome frum liacnlopiltl :nii|>ldiCiuion system (Phar* 
Mineenj. Once the vims *as amp i» lied in Sf^ cells, til t' 
evpr.ssion v-as ohvervvd by umiv^ :i tluore.sccnt nucinseope. 
«lcrihmv;ijtjm: CMV pronimei xi'vny m ilie>\: cells. 

The icvumhinant haeuhniius *.r* citttcentr.ited frttm cell 
v-altjre medium hv sedimcmalMn at .t *.0W rpm for 1 h, at 4"C 
in a Mc. -knian SW-2H ruioi Tiu- ;iel!.*r \*as rmispendcrt in PUS 
am) jlnaccntifuced at 24. Ml if t t f,u for I h .tf) ntm m -W in a 
KYc km:- ii SW41 rotor through ens ;i it mi-. «it 211% and 5lKr,sucrose 
in PUS. Ihc translucent whnc html Unmed at the 20 Sir, 
-ticrtts^ inteilaee ((he virions) u-jv h*u vested with a Pasrcui 
p-'pet'c The virus was diluted 5-fo'd with PIkS and le-iKlleted as 
devrilvd above The pellii ih;*^ i\;in resospended in PBS K 
;,M-:».lc <MakiiH» am) siou d in small .ilit|imiN at - KO'C The vnal 
sukIs vere ntiered by viiat diluium^ on SP> cells ft;;). 



: * *"-'. fi( if', qjial Pihria.Vv ulO ; ii''. t-;. *tr:.l:.^:-<,'ly ill iflfruiOn. 

'P*r*..'-: .vi-/f^*,> fiiv.^ >i V",f'.'l hr.iv'. : J r -t <j«nr If T*apy Lrr.xet. Cr.r.:tt 
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Cell Line Cdturoi and Incubation with the Vector. Sp*hiopt?ni 
ptvrfu St l ) cells wen. cultured at 1T<. \n spinner culiuic Mile in 
IPL41 medium (life Technologies, drand Island, NV) supple 
"tented with (vol/vol) ICS (fjurobio. Us Ulis. Hance). 
O.OV; pUironu- F : (uS (Sisnuj. ami tt ** f vcastolatc (I)»fco) 

All mamniali.ni cell lines use J ucrc maintained in DMCaM 
((ilHC'O. HR| )i.itnt;iinint* HI'V (wil. vulj iusiwn activated I 
except tor the ("J |p; | ? a'lflinv, which was culiiv.itcd in DMEM- 
Fi: *i(h (vol/volj R:s and : mM famine 

Transduction with the B.tc C M\ -Uf'P \cclor involved pl.iiuu; 
10* cells in 24*wk U plates and intcctin? tI^- evils 24 h later with 
J Mihpvfismn of 10'' infectious v iruses, the plates were incubated 
^i'h the viruses in culture medium lot J n. The viruses then were 
removed, and fiesh medium wa> jJded to the wells in the 
presence or absence of huiyraic niM. Si^ma). Flow cytometry 
(I -ACS j analysis was performed .4 h alter infection. 

Primary Cell Cultures and ImmunacyiaihemiYtry, Progenitor cultures 
u cre prepared I mm human embiyonic telencephalon as de 
senhed by ttnc-Caion (14) These celis require hjsie iihioblasi 
growth Idnor in [he medium io nu.ri.uii their undifleieouau-d 
state, and ihcy dillcretmatc nioMb in the !>kil pal h way it Kr.V 
ICS in added in the medium (14). 

I'roferiiitM eulturcs were infected u ill: Bae-CMV-GFP in 4K.wcl1 
pUcs m which each well contained cells [ he mcuhanoiuime 
was I hKMore withdrawal ot the virus .l.nl addition ot fresh medium 
C«'i|!;iimni; or not containing hulyrak i5 niM). 

Human adult astrocyte euhuics w.-rr cultured as described h> 
K i del (7 Hi. (15). A lota! of ,s /. HI\vII>werc infected wirh 1 ? x 
10" inteetious pariuks. One hour alter infection, the sous 
suspension was replaced with fresh culture- medium. 

Determination ot the* plienoiype oi the inteetcd cells was 
pcrhir me d by uimiunocyloe.lK-nusliy asinp a monoclonal ;mli- 
|^-lubulin jntilHKiy (Unihrin*e.r, UiKij and a monoclonal ;mii- 
Mjp. antibody { Hiirruin±;cr, 1:75 J. 

Flow Cytometry. Infected and umm'encd iclis were washed with 
PUS and then suspended in :"0 M l irvpame.p.nTA (GIBCO) 
Suspended cells were fixed hy iddm- "nfi M [ ol >'■;. formaldehyde 
(Sicmai in PtiS tpl) 7.4) and lonscncd ai 4 (.; in djrlness until 
anafysiv CU P staining was analysed with ,i bVcton Dickinson 
I AC Van How vytomcter. Uata v. ere analyzed with CH ri>l.t sr 
s»»ftv%,nv. 



In Vivo tnjections and Histology. Ml animals used in thcs\s ex per 
invws were hoiiHtl and treated according to iho gunk- lines of 
ihc I uiupean Communis. 

Two microliters of puritied lln-CMV-GFP (Itf' pJaque- 
biiiiiinv; units) was injected sicu.»ia\u\dl) into the ^^^lalum (a. 
■ 4. .. I.- t I. 7. V. » .V (n oi ft-week-old /We mice (*i - kj and 
\\.\\\\ mite (/) ' 4). I-our i»l ihc* nmh- mice and two of the 
IiAf H;c mite had been injected (i p i with .WS units t.if cobia 
senom raclnr (C V>* ) of Naja ua'm kutuiOtui (InGcn, Runmv. 
France i _U h heiore intH-uiation «ith the virus. CV|«" is*;ni 
inliiniim nl the llurd component ot the complement system ( lo). 
Adult t'eiiulc Spt apue -Uawlev r.n> vscre ijiven i..^ a ]0\ *| JO*. 
2 > in* ln\and in' plaqoc-torinMiijiinasof Bac CMV OFrby 
injection into the sirialuin (A: !. L ' ^. V: .S). V;n inn's 
Iiiiun afkr inoculation, ammaU w v -re anacMheti^cd with either 
pcpiohiiibitiil or hydriKlilondc ard intracaidully pei fu>v*l vtih 
4"/ :i.ir,ii'onnaldchyde. Ur;iin> weu femowd. a vopreserved in 
I* ■ %uciosc.iinJ tio/.en mi cmM »s»»p;*nianc. Ilisiologieal studio 
w^ie pe. turned by usinj: J*l ervosrat seeuons. A polvt'lurial 
*ni,.C.VP antibody (C t ( t!N I K( M. i 2,5fU)> t (l nmnocloniil ami 
^k\- lilMllary acidic pnnein i(il : AP) anttbo*Jv (Dakt» l 1 :'2W1). 
;ind u otomwlonal anli-NeuN artihodv (C'hcmicnn. 1 : 2CH1 > were 
used tn determine the plicnotyp; m'thc inlccicvl Cells by Joublc 
intumn. fsianunc 

Results 

Transduction of Cell lines in T/ifro. To imestiealc the cfttetencv of 
the hne-ilovini:. U*t ;;ene I ranker i-uo mammalian cells, we used 
a h uuliivirus-dcrised vector espivviiiir; the CiTP reportci pene 
undii the coihio! til a ( VtV" pmnnwer. Its efficacy of irjnscluc 
tiou u:e. tested in three non neuronal cell lines (Hcl.ii. CiK?. and 
Hu'»7i .tnd in two neuroblastoma! cell lines (CMP2I.2, a htim.n; 
nvitriii^lastonia cell line, ami N2a. a rodenl ncorohlaslom;* cell 
tine I. The cells were infected a; a multiplicity ol infection (moil 
ot 10, .:nd the level ol evprcsMon the reporter gene wjv 
analyst:: I M h aflcr infection b\ tlow cylonieicy f'ACS anol\M> 
allovvcd i)iianiitication of ilu* per^Miia^e of CiM* - cells and the 
mcai' 1'Meusny of 1 1 unrest c nee •»! !he transduced cc-lls (l-i|» 1 y 
flae-rviV-GM" wltieienilv tj^i^diKed HcIm. C*us7. Huh*7. and 
1 IIP*! : cells- il»e pciveniajre m naTisduniun was ^1 U ti UK 
12 4- I 1.x * O.IK. and Xo.l ft.(l7. respeccively. 
In o vi nasi Iransduciion ol N2a cells was barely deiecr.ibic 
(0 " - «i 05), 
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f«9- 1 . Ewreuion of the GFP gene in vartuui mammalian cells infected wnh 3ac -CMV (if P 10 s celh were infected with 8ac-CMV-6f P at a moi of 10 and 
arw-ttrri h ottcr irfeaton Three -*rlt> *L-fc .Mcnrd for coch condmon. in <h« conflitivn o* Induulurt by indium butyMtr f, mW), thr ttpwrylMP inhibiior 

wdv added to the medium juit after the virui wi s removed, (a) Percontose of <elh ekpreu.ng gfp. Pi P re»cd ,n the av/craqe Bcrccntooc of tclli m« were GfP ♦ 
lh, Jj c *" de P ende '" i"n--d»n*o«* • SO io) A.c aoc Imcnilty of Muu. rucmc lot a ir.io-.di.rrd (C n, C if>rc;ied a* the mean o? *iuor enentt of tlv« .ndepend t nt 

bur^«r' CnS FmPtV <0,Umni ' eprtftwlt inf « rt e<* "« (mated w«b wd.um hmyrjie Filted columnj repr* imx infeoed cclK weaied wnh 5 mM lodium 
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*KJ. 2. Dcne-reiponw mrvr to Bjc CMV CFP infection 10 s <clli were 
fected at various moii wiihihc VMtur. ynd f ACS analyuvwjtj uted \o c<ukijte 
the pcrcentagt of 6 PC • c v IK 48 h after mfcrtion I he «oltd line reprci-nn 
human trrbryonic ielenirph.il|< < c lb cuhtvoTed in banc fibrobl.ut growth 
f*«iOf tundifteromiiied). and the dotted line rcpmenii human embryook 
Tck-mcpholic celli cultivated in \qv, ro for ui i*«m 1 vwk otter* infectron 
(different ijtcd colli), lor each moi. ihree independent infoetiom were 
performed. 



llie eiiiociiev of transduction JcpiinN on the elhucnev t^t 
entry of rbc vii us into |hc celk anil on the level of the expression 
ol Ik translate once in die infecUd wis. T(» lesi whethei the 
level or (MriMJuClKin reflected the levHof infection (cnlrvol the 
viiust.wc evaluated die effects of huiyrittc. u chcmic.il agent that 
Mippn-^.s potential inhibition n( exr>ri,SMon: it inhibits histonc. 
dcacciyhses (17. |S). which induces .m liyporaect) latum (it 
chromatin and leads to the induction o! the expiession of 
rcpicssed lyrics (e.i; . because *»1 Inpojcaylaiion m mcthyl- 
ationj. Addition ot hulyrale to ihc medium after intcction 
resulted m j lar«e increase in Ihc number of OKI' I cells and in 
the iuicn?tiy of the mean fluorescein (or all of Ihc cell lines 
tested J ), In pjriicului. hut) rare neartm-nt led lo a large 
piopouiiMi ol N!a tell* becoming C»l'"l* ■ . although the baculo- 
tir.d valnf seemed not 10 i»iteei ih-.v tV |i type m the absence ot 
hutviaiL-. Curdul analysis with a fluorescent microscope re- 
vealed that the level of expression in a cjven culture was hip.hly 
hett nvvueous. These results surest :lut the haculovirus is able 
in eoier all ot the cell lines aruluid h\ tins study and is subject 
iw epicene tic regulation thai ileiermines the level of expression 
id ihc iranMjeue. Alter intcction. ;'.e lev* I o| expression ot ihc 
transaeiio depends, on the cell hue and the state ol the inkcied 
cells. The Urge enhancement of \\prosion alter tieatmem with 
sodium hurwate (about 4.V| () M iikrca-c of the percentage ot 
(irp- cells) indicates thai NJacelis impressed expression ol the 
viruv must strong In comrrisi. CHP2I2 cells exhibited the 
h 15 hot tr;in>diictinii percentage with or wulioui but v tic jcid. 

Tranjduaron of Human Neural Primary Cell* in Vitro. Wt tested the 
potential ol the-. Uae CMV.r,rP vc^.ir m mfeei primary cells 
obtained iuim cmbrvumc and adult human biains. rmliryonic 
rti ural po teen itor cells and ndult ;jnuocu^o( human or nin may- 
be uselol loi (M- viva txiw Iherapy a^ icpnned by Sahate t tul { 
and RiJct > t /ti. (IS) 

^e infected teleneeph.ihe culiore** tlen\ed from human em- 
bnoniL brains. These cultures von t ill n progenitor veils when 
eit|tiv,oal ni ihc pica-nee nl IumV iibrohlasi yrowih f.icuv ami 
dilterctitiate mainly into glial cells m the presence nf III 1 # of K'S 
inin the cidliite inedium. A bac t M\ -UbP dose --response 
cur\c oj ihe nmiilvr ui (il l* oe)l> IS h jili^-r mfcrriou is sluiW'ii 

in Fjg. 1 Biuli muldlerciniaivd and dillvrvmiatod veils weie 



cfiiciciuly iraiisUuced. At ihe | : ielK^: moi used (moi - the 
ner».-;n:-i;:c of transduction t>l ;he undiflcrcniitiled Cells wj* 
M "5 " i.lH. Diltereiuiation ot the oetiroepiihehal ti4iurc hv 
aJditioo *>t Id''. I C S (mainK m irliat cells), increased the 
transduction cUuieiicy by approximately 1 fold (die peivciua^c 
ol transduction at a moi of :5 was >(\AK *' 11.4^ for the 
diticiV'iii.'iied cells). Tin: mnrpholoL'y of the tiansducciel cells 
Mi;XCMed that neuroepithelial. neuioMistic. and pjial ccll*j could 
b:- ;::ti.ecd (Hp. <l and/!) I^m-.tle immunostaining ot' GH* 
expiLNS'ii;; cells with the luSu^ii! neiuohlastic marker (1^, 
the MAP2 ncuomrd maiivr (Tii:. K'h the vjnicntin ncu 
roc,MlKlial nurkei (datj not vhown), and the CihA !• pbal 
marker (data nul shown) conliimcd the ahility of Mac-C*MV- 
l iFP in infect all of these cell pheimtspes. 

AUu. wc tested the etfect oflmiy rate on (hesc human primary 
neural cells. Itmyriitc increased the percentage of OFP . cell's 
: t nd iiie mean (»f fluorescence in telenceplialic cells cultured in 
K'S-i>Mt;iiniii{t mcdnnn I bus. ihc level ol expression is hiwer 
tha-i the level of infcciiou ( Tm. 1 a and />), as previously <ihsci ved 
in **ic * ;.ruMi.s cell lines ( Fij» 1 1 Moreover, the level ol expi c>«u\in 
( "i i: niis (intcction was lower ihiin ihai 4K h posiinfcflion. 
evidence ol rimo-dcpendenl iuhu-i'inu of expression. 

l itiaily, ii aiisdueiion Of human adult a*tioc>tcs was tested Adult 
.wi<*ey n..s »vre cviliivatcd as dcsciihcd by Uklet vt ui (15) to uliuin 
ouu- piim.ny vultures ot aMrocyics trv»m the human coitci. Tlicse 
'.vii* w,:tv effieicntlv tianscluccil i> \: atwr inteciion <Pig. >r J 

?scudatfonjdu<tion Test. liaculoMiu* is a laree enveloped viruv 
^li 1 *:!! may possibly contain the C • 1 T in its Miucturt. and llwrvhy 
delivcr ;hc tluorc.scenr um>Ivv.u(c> to the tnlcvied cells, without 
(U: Miut expression. To cvaltcoe the rate of now expression ul 
iltc icpui terrene aitci baeulovirus inteciion.we evaliutcd pswudo- 
Ua:^du< lion t.it OKP m \im>. Huhum telenccfilivdic cells cultured 
in*; ((•>; m;tc inleclcil ai a moi n( Ml. Mall ol the wells 
received * mM huiyiuie alter mlectron until the evils v-ere anjl\/ed 
in lUns vvumieoy. $ h later, .i lime thai would not allow cfieriKe 
v.xpre\v,irt by tM'tstiription and translation ot the CiHP gene 
riitnrvM.ciKv «as barely detci table in die cell cultuie evco in 
prccuv ot sodium bul\ i ate. In ii>n:r;^i. the iransduVlum raiic ^vav 
h.>;ii .K -:S h and h pirstinfcction 1 1 "ig *l>ic fliuirescent cell* at 
^ h pi^tinteetion tl.MVv i. I).(W'- ) eoirevporuled to pveutfoir;tn*- 
due.tl i . 'Is oi to cells cxpievting {.il l 1 wry tapidly aflcr infection 
I nuv fewer Hun 2':, of the cvIK ucrc pseudotransduced. 

W j s.miliirly evaluated pveudotuinsduction b\ intections u ith 
noi»ir\1v. tious virions. U V rays mj\ iuJuec bveakai:.c ol DNA at 
i he ;lo:,es used, thus preventing exprvssuin caused by icmxerip- 
uim; ol' | he reporter gene in (hv iceombinanc feiionw, n\ 
dc-ntilxd (20 '22) We. evaluated the tile* ol the vinons after l. V 
it eat me m on hi 4 cells. The tutci diopped drama ucally cum- 
pjrid «;th utitieated virions, a- Krast hy 1 .tltHi-told. We used 
l '\ in.Ml.ateil virions (u triteVi human embryonic Iclcncephahc 
cells (i-..liiviiUd with Id'a FCSi and human adult astrocytes. 
At!ei *;m.:Ii a I real men t. very tew c'iFl"* " cells (fewer than y, \ 
wetc dt. icetcd 48 h postinfection m K.*S cmbrvonic ttleiieeph- 
;dua hi lures and human adul: asiiocvte cultuics (daia not 
.n.'rto). Therefore functional UNA is needed for eflicient 
ir.-iuMiiKiHiii .nul traii^cne expto^ton in the tarwied cells. 

fn Vivo Injection ol Bac CMV-GFP In Rodent Brain. I o mvcstirj jtc ilie 
poienii: I ol the liac CMV-(;i 1» \ -c\.*i to inlet t neural cells m 
■vw. the vector was injected ditcc;ly into n^tlem brains. The 
Mrii.'uni of adult /rnrfr mice DALU e mice and adult Sprujiue- 

DawLy nits Has inlvttcd * <lh 2 h : i Mr phmuc- forming units) of 

eo-Kvintatid and pur il ted haculoi iru<> picparatton In* injection 
with a - icrcotaxic apparatus. Half of the injected mice received 
a siaetc injection ot cvi-. an mhionoi ot the voiiiplcmeui system. 

I day hetorc virus ihiHiil:ni«»n to pi event ihc e<nnplcn)cnt 

lOairioM directed aganisi Ihv biKiilnvims as dcsuibcd (23. 24) 
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f '9- J. Transduction of hu.n.*r, pr,a, uy r.ultufcs with Bsc CMV GH\ 

(4 J Tt jrj^ua-on o* embryonic !*l*n tt 'ph,- : i, ( . J tn presence DtbAiie 

i%htOV~r.: r|ryv^ih factor. Moiphobgicjlly. ;r.vnii»j..;J r<-|i< jfjpcur to be of 
nrtiifnr'fii;ln.Cj» neuronal phenorypei. '.3) "r.snsduitioo «jf unbryenic 
t*l«nvi>|th...iH. « A «i;* u<lw;c' :n presence o: Murphnlojjrf iilly, cell', 0fjpv.it 
io b* o? 5i ( .>: inuMijv tQ Ami Mjp2immunothtrmtry. The anowrw\il ',hw, 
a tramdu.ed nr-unm. (O) Anti /*J-tubulin Imrr- jnochemiHry. lhp ^rrowheud 
^dicJtw.MKjf-'-'Kj.i HiK-yr^pithd jUfll.t:"; 'f jmdunionof pnni.Hyhvini,„» 
Jduh: astrocyte*. 

ANti. io minimize the risk ol niacin nion of ihc virus by the 
como'emem* we usid a ihm needle -and a *vry low speed of 
inic-ition to avoid licnioiihages. 

Ts*o days and I week after injection the mouse ;ind rut brains 
wert- jn;i|>A'd. OFP expression was delected hy inimunuhistul* 
o»\ in ihv: m run urn. ihc corpus callo^um, an J the cpctiilyin.il 



layci ?). tlL'tnojiMMtinj: Kuutoiifjl infection ot brain cells 
/».■ run ;;nd the subsequent etpic*Mon of the iiantyttnv. This 
exnuvi.m *v;ts detected in cells within I mm of (he injection site. 
No ob\ ious difference *;js ohscrud hclwccn the three species 
iir !:et»-.\-n rhe CVp- treated and untreated £ioupx I Imvcvcr. Hie 
njnibci ot transduced cells and the extent ot their localuution 
nerc variable-. Immunohisiochemicjl staining wJiii jn anii- 
<*y \? :mtihiMK enabled us to identify ihc transduced colls 
mii-riv ,i> .'isu'iiL-yu's (\ \\\ N.'). and iiiinuifiohismchcinieisl ski in 
me^i'Ji an anti-NcuN aiitihiKh showed ilui unlv -i lew neurones 
eouul t\ transduced f Ftc. 5ft 

Discussion 

Ihiv report describes the use ol ,i haiulo^irus-derivcd veuor fitr 
ihe transfer of a reporter [tene into mammalian neutal celK i/i 
:intt ;ir T i| in viva. We denumsiule \n.n n h.ieuloviiu* conuiinim; 
.i ( MVfif P expression cassette i> able lo infect both neunv 
jlavoni d cell lines and huntan primary brain uilmrcs. and that 
the iiiiii>.'»cnc e^pre^sion i.s caused bv yenuine expression and not 
ion Must intcffc's'd'iTjIv, we shtm th;it a iMcuh.v 
Mral vu tor is able (o transduce hi am cells by direct inject ion in 

An important feature associated ^vith ihiv vir,il vcttoi is ihal 
epi-'Ciu :-iie rC;lnlalions are likely io influence the transduction of 
mjmm.'.iuin cells, .is iIIusImIli! ; h luiiyuiic Uciimenl tt^pcri* 
niciiis. Iliiiyiate ^ an inliibitor of deuvctylasc. thereby inducing 
:i hvpci.uclyljlioii of the chromatin and enhancement ot tran- 
set ipiiD.i Some :<Kn h.iw dc^nbcd a direu eflect of butvratc on 
ba:\ rau iesponsi\e elemvots. which .ne not clearly defined ( ^r 1 h 
Add:iior of buiyraie iu inUTtciUcl's improved the efficiency ol 
iransdoi tion hiuhliglwiny. tlie impio t-jiuv ol the cbromaiio *ulc 
of !ie liacuUivirus trenmiie in the mlectcd cells to express the 
I raster.*. Ihe heierojieneitv i>l opiosion within a cell culture 
jImi supports ihe iriviilvcrncni ol cpii;enetH facU.T!i. as the 
t » i, t for ma lion ot the viral chronuain mav depend on thesiato of 
the eel I "lhese findings su^irsi thai ihe l»:«eul<*virus genome i> 
pr\>Lt:i in j hisinni:*:i>soei:iied e:uom;iiin form in mainiiialj:tii 
;ell>. a-d that its eoiitoiniaiiuii *lcpeads on the cell type urid 
Ua;c.\vimh do ICi (nine Ihe cxpa^i'in ol the ("MV-OKPcassL tte 
lh.:v epieenctic phenomena. :.uch .*s jcetylation. methvltUHin 
,nuJ mi i ompoctinn * *i i hn»ni:ttip a<e likely ro lepiess expression 
ot OR* m cells that are infected \wih the virion*. 

It \\wt» studies revvuletl heicn'veneity of transduction crii- 
oenvy ■ *meen diflerent cell tvpe«. The higher ti ansUuciiun level 
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ft?. 4. Uprenion of the CFPqeftrin h.innm r*mbryontt tel encephalic cells cuboid in 10S f« mfcewd with B«CMV-6fP. tO* cells were infected wnh ihc 
«caor ot o mo- of 10 2nd harvested J h, 46 h. and 96 h poitinfeciion Hjlf o# tl K - wen-, w. r.- t.catrd wuh 5 tod.u«. Outyrotc after .nfccHon. I,«<h ^lur i* 
the overage vol ue of two independem transductions i So. U») Pcrccnwqe of r,f e ■ rcii-. >;voluutcd by flow cytorretrv (bl IntcriiN of f luo^nccncc fiprciVrd 
M thp wcon of fluorescence quantified by FACS analysis. 



| Ocftm&or 19, 1000 | vql 17 | ng /fc | 
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Fig. S. Mi-r.tfv.jx.il i.n.i:yto in vivo ger* :nj«t : on of aac-Ov/iv-Cfp ,r>\„ \U- . #:flj!u „, ,.,f g A l8. c adult mouie. J8 K a*wr delivery. M and OJ AmiCil-r 
^TrU 6 r""" J W) * ,,ti G^P^munotKtristry (Otift tif AP doubK* U-vfcnn fte* thai rro« o* the ctlli are «:rsc>T« it) NeurJ immunachcmi-.ifv 
U P and Nl>uN dnuiJit- Ijbilinij Noie iha: very tew tranuJuctd c«llt uf «■::.:■ pd-nmypc 



ol ihc C.HP2I2 cell line. ;i hmnat) neuroblastoma coll line, (hau 
oi tin: S?a cell line, a murine iicuriwl»»mm,i cell line, su chests 
ihat human cells ;nv more susceptible to haculovii u;s me dated 
transduction than muiinc cells. Our rowll iorrohorutcs the 
sp:vi\s preference previously observed hv llofmatin «*/ at 
The*. h.,\e .shown ili.n a bauiluMrai \ector more ctticiciuly 
cni-vsiiueos liunun primary hepatocyics than indent prinnrv 
hcpaioates. Also, the Mate of diiteicn|u;ion of the cells appeal"* 
|o iiii'luviHc the transduction by tlic hacuhtv iral veeioi. T : or 
instance, neuiul pm^-minr cvU> differentiated into glial cells are 
transduced *iih a Mold hi«het ciiic-urm-y rhaii arc the undit* 
ferenii:iLd pweiiiutors. This phenotvpe-depcnilciu efficiency of 
iMnniuction m;i> he dctcinimcd !*v u\. tfiicjcy oi entry oj" ihe 
;in1 oj by vi tw ,i,v cpij*ciK'ii-. regulations in both cell types 
and oi b> a hi«her aciiviiy of ihe CMV piomoier in the glial 
cells. The Uts\ hypothesis is, rmuwvr, unlikely because tru 
mechanism of onu v ol ihe baculos h o- nvnts lo tie mediated by 
elcvifo>i t (iie interactions, which mas not be cell ty pc -specific 
t-'i. ruriheriiuirt. ihv: higher evore^ion of differentiated pro 



■i.- Minis is ohsvi v«1 when these 1 j|(;ius »irc infected with other 
viral uuors. which piohahlv Jti not er.ier cells via ihe s;ifl»i: 
|Mthu;i. For instance. *ve ohscnvd .i higher level oi expression 
ol ;i tcms^ene under the control of a CMV promoter «n 
ilifuremtated cells than in progenitor cells after infection with 
.i hiM-'iciu iaiioii adenoviral vector or j IcntrHrus-dcrivcd wcii»r 
t'C S^r-ucrvi. unpublished data). Further work is needed lo 
eiuluuic the iiivi»|vk*niciit ol l lie il : llcienu»il Cptgctictic ie£ul.i- 
iio.-^s oi il\: i MV activity. I hw co:i!d be done m* tJilicrcntijiioP 
of 'he progenitor cells .liter inlVi. *-o«i uuh H:iC-CMV.(.iH' ,tml 
comparison with eolU that u-eiv difle ion timed be lot c inteciion 
AfinriVi approach v\cmld he in Miidv the level of miulificitmn ni 
ihe Juvtn.ain by atetylaium and incihytaiiun in both cell types. 

a fti:ijor tinduif of iliiv lepint iv tii;u a Iwulcvmis deiiu-J 
vector i> able to transduce ncuul cells m vivo in the mouse :in»1 
tile fut jIUi direct mivCtitMi ol the veiioi inio the brjin- 
Sui nrrsincly the viru» was not m;ietis;iied by complement in viu* 
W.- ob.^rved itu: vtHK* le^vl ol vS;*ieSMun in Aiiini-ds ih.it were 
dcpk'c.l toi complement by trvariuem wuli CAT and in uo- 
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treated animals. Indeed, the jmma! that exhihitetl the highest 
number nt transduced cells in wV« not Ken treated with 
C \'h I his result is ai Variant e with chc result tit Simdipi:/ a/. (21). 
*hn report .i complement inuctivaiion of a Kiculovirus vector 
*hcn tt is injected i.v. or diicetl> ii»iu Tin- liu r. The discrepance 
ma\ he caused by the particular immuiolu5.ical dim ncteristics of 
the In .ii rt \*0|. Also. to pictcrt the rctrmimfiu of the 
complement system ilunnc I hi: ste musical injection, vie used a 
very ;hin needle and a very lo* speed of injection lo avoid 
hemorrhage. Thus, we provide evidence Kir in iivo iransdiictinn 
ol injiiun.iliiin iv I Is in animals (h:t; are rot depleted tor the 
complement system. Although the ijvel nf transduction in in*> 
ts moderate and vanished jltci a few v-eek> (data not vhovn). our 
tindii;.^ establish ih k - proof ol ptindple ol the transduction of 
bum cells in vim with a baculoMius-derived vector. Various 
*ii,nei;ie" can be envisaged to develop nww-^riCMiiun baculo- 
vtral vectors with .m enhanced inleelKiiy and n loi^-wrm 
expression. 

One MNtkv;y involves modit'ieutin:- of the virjl surface by 
'■ddirv.: an hcieieloy.ous envelope to eniMiuc the irtfeeuviix and 
to clun\:e the liopism til" the vector Pii'sn ct al. {IT) have shown 
thai the hacul"\>rus binds to heparin filiate niubTs .n the 
mammalian cell memhiane. Mm c'eiirostalic interactions may 
lead in win to cvtr.niclUdar sviiue-araiion of the vectoi on the 
basal laminae associated with pt«u transduction efficiencies. 
Rcccnilv. Ilarsoum .*/ «/ |.M | used a vehicular stomatitis virus 
envelope io pseudotypc the vims. Hie modified vector it arts- 
dutcd the various eell lines tested with inciter efficiency than the 
nonpseuJoiyped vevtor. Pseuiloiipcd \caois with envelopes 
denwd tiom ncurouopic vnusts vj;.h as rhahdoviruses oi 
a'phavirusvs could be used to -.ml-arKc the transduction ol 
nervuus tissues, thunrjh a specilu cmclopc/ioceptoi interac- 
tion. Moreover, tins nu> allow the targeting of specific neural 
eell ijpvs depcndmi! on the envelop;.* as^id. 

A seowd stiineay is to niodiiy i:?e ivpression cassette by 
replacement of the promoter. As w.is sui; tested by Shoji ct ai 
(III- the promoter cm he very l'rn:tinu in the context of a 
h.iciilotirai bjilhunc. For instance, e.-lts thai were not nans* 
diKvd b> mine, a CMY-|,ae/. haeuUtv ius lOuld be transdmcdbi 

I. «!»,.; Sir:; I' & S;-lim«i:. 11 (I'^l *' 'I'l/ul 1. tlO- 11/ 
: Vk. M. i l'i'J.*| *, lit. /(,'!' V,r.- />.-v f '-; ;> • to .Vn.\ I*. :h\MO. 

i V- J M. ,v Si.ni-..i N. ( l*w'.* | \,„-ii, •-•/.. -....'wr . NT 

H.:» Nt ^Hui'ici N I. (rw.)fv.- \..-'. Ir,.,/ .Vn. (i-S-IW. :.«4S -im 
> I r. i.....n I''. S;.iuli,v V. Juminjiy f. . Kw-:-i;Mi. M Sclihjp. P. X, Sir:iu:>. M. 
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uMmjthe ( AO l.ae/haeuiovirus Moreover. palimmjfv cxper 
inie:Hs -h i formed in our laboratory sucpesi thjt inject inn of a 
Rous sneoma \iius-I..ae/. lwulo»..rus permits tiansduciion of 
neurones in pieleromv In filial icIU w »/vn (C\ Safkis. unpub- 
lished 0al.i).Thus, it * ill be ol iiueieii u» test different prumot- 
ers ol vii ill oi cellular oueui by dircvl inicction into the hiam 
I inallv. as the Irinsgcnc expression is subjected to cpiiicoeiiL 
le^iiaiimi. the iiiMfiimi) of a ■»et|iu*nie that allows an adequate 
Ctt::WHiii:iiion of the. vital chromatin >houhl yield a more icpio- 
JutiMc (finsduetitm ami stable expression of the tron^ene. 
Ilu>c -vtiiieiuvs could be a matrix attachment icgiitn or a 
val'Md attaehment region, or any <eouence .ible to translunn 
th: irai'.s^.ene ief ion into an open i hromjiin domain* permissive 
tor ir.n:>etiption (lor icview see i ct". .*-). Similarly, injection ol 
demelhvljtiny or hypei acetyl aMr^ agents m alvi ni;iy be 
useful I or instance, uuee.lion i«1 5 a/aCvtidim:. a demethvlalin^ 
ajeiii. !:as Inen used hi cn<» bv |;nini m ol. [ \.\ \ to deicpress 
i Ik ;.xp:osion of a tiansivae The same uealment may result in 
a dcrcvrcsMon "f the c»pre-N**<o:i n: vhvt usinj: a haculttvinis- 
di.ii-.Lil v^eioi. anvl thus in a lone term exptessiou tif the 
tran*i:;r,e. 

1 hese approacbCNCould be i»>ed lo design a new genera rum ol 
b.u .ult.»\ iius ilerivedveelois able :o transduce neural cells «*t t i\a 
and vivo with a hij£h ettlcacv and to .sustain a lo rip -term 
vspicsv.m. Ihesc veetois then mHit become a novel i:erie 
delivery s\siem lor the ffeaiiiKii; »'l acquired or inherited 
di.M ms-:.* of the eeniral ner\ous syvtem 

\\V ihiiii.. Or. Mi'divaGhix and |.ii. I caieiiicCuicli'reunmenis on the 
.^iMi'AtijM. Wi* ai l' very ^liik'lul M K.*i-I*p|ic l.'olin jnd Si kit (..irpuw: 
i.<i I'u it' Help with i.ilnTial iioiiiIlik'ulv .inJ iiijntptil.ilinn ;intl Mart. 
1 1 i . fjnuv ti'l his tci htiuVl ;r->i>l:iiue I his riSi-auh *a> suppuru d « 
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